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THE THEORY OF UNM~ ED GASES

ia. B. Zel'dovich

[P1aeet]

This articls discusses the reaction of fusl and oxygen accompanied by com-
bustion products and heat, anmd considers the steasdy state with continuous supply
of reactants and removal of produdts. This state 1s characterized by the fact
that fusl and oxygen, or air, are supplied separately, 1.e., are not mizxsed pre-
limiparily. Therefore, for large valuss of the comstant descriding the speed
of reaction of oxygen with fuel, the combustion does not excesd some definite
intensity, this limit depending upon the epesd of miring of fusl and oxygen.

Combuation; itself, is noted to changs substantially the concentratien dis-
tribution in ccmparison with that of the same gasea mixed without combustion.
The author accapts the long-establiahed basic guantitative representation of the
flame suxrface as separating the region of oxygen, but no fuel (oxidizing region)
from the region of fusl but no oxygen (reduction region).

Surke and Schumann calculated the form of the flame swrface in the very
special cass of comdustion in parallsl conceatric laminar flows of fuel aad
oxygen or alr. However, they did not consider in detail the phenomens ocowrirg

in the flame zone. Shvab's work ic more complete.

In hie recently published work, complsted in 1540 in Isningrad, Shvad son-
sidered In detail the problem of supply in e turbulent jJet of flams, both for =
pwre combustidle gas and for a gas mixture with an insufficient quentity of air.
Shvad found relations among concenmtwation of gas, oxygen epd combustion prolucts,
temperature and gas velo~ .ty. A number of Shvab's results (in partionlaw, the
aonetancy of the concentration of combustion products and temperature) for the
flame surface were included in this article for completemsss of the exposition.

The Aetailed ~onsideretion of ‘the zones anl *inetics of reaction is essen-

tially new.
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This stuly vlavified the meximum posaible intensivies of combustion sor

lomins= Plovw. This mavimim Intemsity is 1imited by the inswficient smeed of - . ! -
reaction, even vhen the fusl and oxygen are aupplied at high speed to the Tlams - ' RN
suzface.

L] . P 1

In the mathemstical twreatmant of the subject, the gemeral equations of gas e fat 1
Plow for exbitrery temperatures, diffusion coefficients, heat sonductivities, ’ o
etc., axre dsvalomed:. These sguatlons axe analyzed amd. finally, equations de~
scribing the state of the flame surface &xe developed; the iistribukion of
resction prodncts and the temperaturs is then calculated. .ne last caloulevlon . 7.l )
ghows that, in »apid comdustion of urmixed gases in the reaction zons, exastly ... .. -
the pams comcen<ration of the cdmbustion products is obteined as if the burning - ’ s R
gases were mized in stolchiomstric proportion aml the combustion reaction ) .
carried ont withont eny diffusionm space. Lo

In preciseiy the same wey, if there are ro heat losses. by rediation and mo DA
coolin~ aurfo:es in +he flame amd if the coeffi~lemts of fempsrature comductivity 5
apd diffusion ave aqusl, then the temperature of the diffusion £lams in the
c.ribusticn zous cen be snown to aqual identically the temperature of combustion
of atoichiometris mixture of the given gases umdsr comstent pressure.

The conclusion that the temperature of wmmixzed flame is squal to the
- tempereture of ccmbustion of a stoichiometric mixtwre is in appavemt contra-
dlction with oxperiment. In erperiment, however, the conditlon specified 1In
the above conclusion s mot fulfilled, mamely, that mo heat bde lost from
radiation or cooling surfaces in the fLme. The quantity of heat givea off by
rediation cenmot ba disregarded in the leat balence of a laboratory durner. 1

Thege congiderations are used to calculate the status of the flame surface
for the supply of sny quantity of gas amd air for any gas of low caloric vslus;
this caleulation is besed on the assumption of high speeds of chemical reaction
at the flame swface {even fer the combustien temperature), which in twrn re-
duces the thickness of the reaction zone so that it may be congidered a8 a
geometrical surface of null thickness.

A differens picture follows for lov speeds of reaction. By anslogies with
other phomomsua in combustion amd explosien, apparently & decrease in reaction
apeed (all other conditions beling egual) will et first ceuge a certain quanti-
tative variation, namely an expansion of the reactien zone, and then after
attaimment of a certain critical value the flsme will de .extinguished, cembus-
tion will become impossible erd stop, and the old gas and alr will merely mix -
witheut reactien instesd of burming. These critical cenditiens of extinctien _
are then ocenzidered in the simplest, schematiclzed case.

The calculatiens which follov permit ene t~ determine the posgidble iimits
of intensities for the cembustion ef ummixed gases which is depentent upon the
1imiting speed of chemical reaction. In order of magnitude, this limit ia
ciose to the rombuzdion speed of & stoichiomstric mixztwrs. The 1mit Formd
helpe to explain at least qualitetively the fact that, in the flow of a Zast
Jot from a pipe, the flame is generally located at a certuin distance from
the Alscharge sestion of the pipe since the flame is disrupted at the outlet
vhere *he mixing of the reasting components is moat intense.

The practical end importent case concerning +he limits of intensities of
turbulent comdustion of ummixed geses was not considered in the work decause
of 1ts complexity. This complexity 1s linked with the fact that the average
speed of reaction sannot bo related to the average terperaturs unier turbulent
conditions.
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